H
ip fractures are a common cause of morbidity and mortality in elderly patients; more than 2400 hip fracture surgeries are performed per year in Alberta. 1 A substantial number of patients with hip fracture present anticoagulated with a vitamin K antagonist (e.g., warfarin) for a number of medical conditions, including atrial fibrillation, venous thromboembolism and mechanical heart valves. 2, 3 Reversal of warfarin anticoagulation is necessary for adequate hemostasis during and after hip fracture surgery. An international normalized ratio (INR) of 1.4 or lower permits safe neuroaxial anesthesia and is associated with lower intraoperative and postoperative bleeding risks. [4] [5] [6] Reversal of anticoagulation from warfarin using oral or intravenous vitamin K is superior to simply withholding warfarin in patients with hip fracture. 2, 7, 8 However, the effect of vitamin K on the normalization of INR is not seen until at least 4 hours after administration, and 24-48 hours are required for maximal effect. 9 However, delays to hip fracture surgery have been shown in multiple studies to increase patient pain, length of stay (LOS), morbidity and mortality. 10 Furthermore, patients with hip fracture who are on warfarin therapy have been shown to have a longer time to surgery, a longer LOS and higher mortality. 11 Fresh frozen plasma (FFP) allows for more rapid reversal of warfarin anticoagulation, but carries significant risks, including fluid overload, transfusion-related acute lung injury and transmission of blood-borne illness. 12 Octaplex is a prothrombin complex concentrate (PCC) used for emergent reversal of warfarin therapy in patients exhibiting serious or life-threatening bleeding manifestations or patients requiring unplanned/urgent (< 6 h) interventions with risk of bleeding. 13 Octaplex and other PCCs provide rapid reversal of INR (within 15-60 min) with maximal effect for 4-6 hours. With a concentration of clotting factors more than 25 times higher than FFP, Octaplex requires a low volume to be infused (1-2 mL/kg), minimizing the risk of fluid overload and reducing the time required for infusion. As a pasteurized product, Octaplex poses an extremely low risk of disease transmission. Octaplex contains human coagulation factors II, VII, IX and X and proteins C and S, and has been shown to be safe and effective in multiple clinical trials in patients with lifethreatening bleeding. 14, 15 Other studies have demonstrated the safety of PCCs in other applications including intracranial bleeding 16, 17 and before urgent cardiac surgery. 18 Compared with FFP, PCCs more rapidly and completely reverse warfarin anticoagulation while reducing the risk of fluid overload. 19 Although the overall rate of reported thrombotic events has been low, complications of PCC administration, including deep vein thrombosis (DVT), myocardial infarction (MI) and thrombotic stroke, have been reported previously. 19, 20 However, most patients who had adverse thrombotic events had comorbidities that may have contributed to their thrombotic risk.
Prothrombin complex concentrate has been recommended for more rapidly reversing warfarin anticoagulation to reduce delays in hip fracture surgery, particularly in patients at risk of volume overload. 21, 22 However, patients with hip fracture are a particularly high-risk group, with high mortality and rates of complications including heart failure, DVT, pulmonary embolism (PE), MI and stroke. 23 To our knowledge, there are no studies on the use of Octaplex in patients with hip fracture. Although there is a study showing the effectiveness of PCCs for reversal of acute traumatic coagulopathy in orthopedic trauma patients, it specifically excluded patients taking warfarin before their injury. 24 In the present study, we sought to characterize the effectiveness of Octaplex for the reversal of warfarin anticoagulation in patients with hip fracture.
Methods
We performed a retrospective chart review of all cases of Octaplex use in patients with hip fractures treated in Calgary, Alta., between December 2009 and February 2015. We included patients who had a femoral neck, peritrochanteric, or subtrochanteric hip fracture; presented to hospital with an INR of 1.6 or higher; were taking warfarin for anticoagulation before presentation; were given Octaplex for reversal of INR before hip fracture surgery; and were scheduled to undergo surgery for hip fracture treatment (screw fixation, sliding hip screw, cephalomedullary nail, hemiarthroplasty, or total hip arthroplasty). We excluded patients younger than 18 years and those who had open injuries, neurologic or vascular injury in the affected limb, or pathologic or periprosthetic fractures. We obtained the patient list from a transfusion medicine database of patients who received Octaplex in association with hip or femur fracture surgery or admission. Inpatient paper and electronic medical records as well as initial radiographs were reviewed to remove patients who did not meet the inclusion and exclusion criteria.
The primary outcome measure was the time from Octaplex administration to a measured INR of 1.4 or lower. Other outcome measures assessed are listed in Box 1.
Funding was obtained from the University of Calgary Surgical Research Development Fund. No industry funding was involved in this trial. Approval for the review of medical records was obtained from our institution's Conjoint Health Research Ethics Board.
Statistical analysis
Statistical calculations, including Kaplan-Meier survival analysis, were performed using IBM SPSS version 24.
We considered results to be significant at p < 0.05. 
Results
We identified 33 patients who met our inclusion criteria ( Fig. 1) . Their demographic and comorbidity data are shown in Table 1 . Fracture type and treatment are shown in Table 2 . All patients were taking warfarin preoperatively: 26 (82%) for atrial fibrillation and 6 (18%) for previous DVT and/or PE. It is important to note that many of these patients had multiple pre-existing comorbidities, particularly coronary artery disease (55%), congestive heart failure (CHF; 45%) and chronic obstructive pulmonary disease (39%). The mean Charlson Comorbidity Index (CCI) score was 2.82. The median time from Octaplex administration to a measured INR of 1.4 or lower was just over 1 hour. This is indicative of the time required for Octaplex infusion and the process of obtaining a repeated coagulation study -theoretically, the onset of action of Octaplex may be as fast as 10 minutes. 15 Table 3 and Table 4 show the results of Octaplex on the INR and time to surgery for our population. A single dose of Octaplex was effective in correcting the INR to 1.4 or lower in 29 patients (88%), with an average dose of 1470 units of Octaplex. Of the 4 remaining patients, 2 required a second dose of Octaplex; 1 underwent surgery with an INR of 1.5 and 1 passed away before surgery. All patients received oral or intravenous vitamin K before surgery, with a mean dose of 19.5 mg (range 5-55 mg) given. Two patients had Octaplex administered after they were brought to the operating room to minimize delays to surgery; therefore, zero hours passed from Octaplex administration to the start of surgery. The median delay from time of admission to surgery was 22 hours.
Spinal anesthesia was used in 20 patients (63%), without any cases of postoperative epidural hematoma. Intraoperative estimated blood loss (EBL) was less than 300 mL in nearly all patients, except for an EBL of 400 mL for a patient undergoing hemiarthroplasty Three patients experienced orthopedic complications within 30 days of surgery. Two patients had persistent drainage from their surgical wounds after resumption of anticoagulation therapy and were treated with negative pressure wound therapy. This was successful in 1 patient, but the other was readmitted to hospital 22 days postoperatively for a deep infection that required surgical irrigation and débridement followed by home intravenous antibiotic therapy. The organisms identified were Propionium acnes and Staphylococcus aureus (coagulase negative). The third orthopedic complication involved a patient who had a ground-level fall 29 days after discharge and sustained a periprosthetic fracture around the tip of his long cephalomedullary nail. His fracture was stabilized with a distal femoral locking plate after his anticoagulation was reversed without the use of Octaplex.
discussion
This case series highlights that patients with hip fracture who receive Octaplex often have a very high perioperative risk profile, with many of our patients having pre-existing coronary artery disease, CHF, or chronic obstructive pulmonary disease. Octaplex provides a rapid and effective method of reversing warfarin anticoagulation, as reflected in previous studies. In this study, Octaplex rapidly corrected the INR to 1.4 or lower in nearly all patients. This allowed for expedited surgery, as shown by a median delay to surgery of less than 24 hours from admission and a median time of 2.6 hours from Octaplex administration to surgery.
Unfortunately a small number of patients in this series had their surgery delayed despite Octaplex administration and INR reversal, usually until the next day to allow for surgeon or operating room availability. Policies to minimize these delays have been enacted in our health region, including better communication between surgical and anesthetic teams to ensure optimal timing for Octaplex administration. As clinician comfort with the use of Octaplex increased during this series, patients were brought to the operating room before or immediately after Octaplex infusion, often without waiting for a repeat INR. This did not result in an increase in intraoperative blood loss or transfusion requirements.
Previous studies have shown the high morbidity and mortality associated with hip fractures. 23, 25 The 30-day mortality in the subgroup that received Octaplex but no FFP was 4.3%, which compares favourably to the literature. However, the overall 30-day mortality in this study of 15.2% is higher than previously published in other studies. Nevertheless, our population in this study is particularly high risk, with a very high rate of comorbid ities, which may have contributed to the high mortality. We have identified a significantly higher mortality in the subgroup of patients who received both Octaplex and FFP, with a high rate of cardiac events. This may be partially attributed to the older age and increased comorbidities in this subgroup, but we advise caution in administering both a PCC and FFP in patients for warfarin reversal, as this may be associated with higher morbidity and mortality.
Limitations
The primary limitation of this study is the lack of a comparison cohort -a group of patients with hip fracture who did not receive Octaplex for reversal of warfarin anticoagulation. Such a cohort would permit a comparison of time to surgery, morbidity and mortality in patients who did or did not receive Octaplex. In addition, the inpatient and electronic chart review allowed us to identify complications that occurred during the inpatient hospital stay or at another hospital in the local region. However, complications that occurred after the patient was discharged to a remote care facility and that were managed outside of Calgary would not have been identified in this review.
We hope that the results of this study will assist in guiding the conduct of future studies comparing the use of Octaplex to vitamin K with or without FFP for the reversal of warfarin anticoagulation in patients with hip fracture. Using Octaplex will permit much more rapid reversal of warfarin anticoagulation and earlier hip fracture surgery, potentially reducing patient suffering, cost, morbidity and mortality.
conclusion
Octaplex is quick, safe and effective for the reversal of warfarin anticoagulation in patients with hip fracture. Octaplex reduced delays to hip fracture surgery in these patients, many of whom presented with multiple significant medical comorbidities. Nevertheless these patients remained at high risk, with an overall 30-day mortality of 15.2%. Survival was significantly lower in patients who received both FFP and Octaplex for warfarin reversal, suggesting that coadministration of both FFP and a PCC may be associated with a higher rate of complications. Further study comparing the reversal of warfarin anticoagulation by Octaplex to reversal using only vitamin K will be valuable. Octaplex facilitates earlier surgery in patients with hip fracture with warfarin anticoagulation, potentially reducing morbidity and mortality in this challenging population.
